Cats were injected with 2.4 mg/kg of tiletamine-zolazepam, 0.36 mg/kg of xylazine, and 0.8 mg/kg of tramadol, then blood was collected from their peripheral veins at 0.5, 1, 4, 8, 24, 48, 72, and 168 h after the injection. Before injection, the same cats were used as control group (0 h). Biochemical and haematological parameters were measured. The results revealed that the combination of the compounds produced good immobilisation, with minimal changes over time in biochemical and haematological parameters, which were within biologically acceptable limits.
As a result of Chinese economic development, the number of felines used as pets and for experiments has increased along with the rapid development of animal husbandry. Cats, because of their unique temperament, relatively small size, dramatic stress response, and idiosyncratic drug metabolism, have always been an anaesthetic challenge. Today, the demand for sophisticated medical and surgical procedures has added to the complexity of feline anaesthesia.
Ketamine and tiletamine-zolazepam (Telazol) are the only short-acting injectable anaesthetics that may be administered intramuscularly and are approved for use in cats in the United States. However, ketamine, as the controlled drug, has been limited in its application in China.
Tiletaming-zolazepam administered intramuscularly has been reported to induce profound analgesia and muscular relaxation in cats, dogs, and a number of exotic species (2, 4, 5, 9) . Tiletamine-zolazepam produces a good restraint but can be associated with prolonged recoveries (1) . Xylazine, an α 2 -adrenoreceptor agonist, has been combined with tiletamine-zolazepam to increase its anaesthetic and analgesic effects and to reduce the dose of tiletamine-zolazepam required to induce satisfactory anaesthesia. The drug has been approved by the US Food and Drug Administration for use in cats. However, its use is associated with adverse effects including hypertension and unwanted persistence of pharmacological effects (6, 8) . Tramadol has been used clinically for the last two decades to treat moderate-to-moderately severe pain in humans through interactions with opioid, serotonin, and adrenergic receptors (3, 10) . Nevertheless, tramadol has not been used in pets for a very long time. We know less about possible long-term toxicity when it is used in cats. Perhaps it will turn out to be an effective alternative to the non-steroid anti-inflammatory drugs (NSAIDs). Pets with liver or kidney disease need lower doses of tramadol.
Based upon this background and our clinical experiences we developed a anaesthetics combination of tiletamine-zolazepam, xylazine, and tramadol for intramuscular administration to cats. In an early study, the anaesthetics showed a good anaesthetic effect on cats. Although, there have been many studies on the effects of different anaesthetics combinations on cats, to our knowledge there has been no work reporting the effect of tiletamine-zolazepam-xylazine-tramadol used in combination on the biochemical and haematological changes in cats. The purpose of the present study was to investigate the effect of the anaesthetics combination on several biochemical and haematological parameters before, during, and after the anaesthesia of cats.
Material and Methods
Twelve healthy cats, six females and six males, 13.3 ±2.5 months of age, weighing 2.4 ±0.2 kg were selected from a nursery in Shenyang. All cats were in good physical condition. They were immunised against feline leukaemia and feline immunodeficiency virus infection and were dewormed. The cats were maintained under the same conditions for 4 weeks before the experiment. Animal use was approved by the Animal Care and Use Committee of the Shenyang Agricultural University.
A volume of 1 ml of blood was collected from the peripheral veins before the treatment (0 h, control), and then the cats were injected intramuscularly with 2.4 mg/kg of tiletamine-zolazepam (Zoletil, Virbac), 0.36 mg/kg of xylazine (Rompun, Bayer), and 0.8 mg/kg of tramadol (Tramal, Grunenthal GmbH). Then 1 ml of venous blood was collected 0.5, 1, 4, 8, 24, 48, 72, and 168 h after the injection. Blood samples were kept in EDTA test tubes for haematological analyses and in vacutainer tubes for biochemistry. The sample in EDTA test tubes was mixed with the anticoagulant by gentle rotation of the tubes for about 1 min. After collection, the blood samples were kept on ice packs until laboratory evaluation. The non-coagulated blood samples were evaluated within 3 h after collection. Each blood sample was evaluated for the number of red blood cells (RBC), white blood cells (WBC), packed cell volume (PCV), and haemoglobin (Hb) with hematil 2000 cell counter (Texas International Laboratories, USA). The blood in vacutainer tubes was centrifuged at 3,000 rpm for 10 min after 1 h placement. The levels of serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), urea nitrogen, creatinine, sodium, potassium, chloride, calcium, phosphorus, and magnesium were determined by standard methods on an automatic analyser (UniCel DxC 800 Synchron, Beckman Coulter Instruments Inc., USA）.
Differences between the haemogram and serum chemical values before and after anaesthesia were compared using the ANOVA. All statistical analyses were performed using SPSS 13.0 (SPSS-Statistical Product and Service Solutions 13.0, SPSS Incorporation). A probability level of 5% (P<0.05) was considered as significant. All values are reported as mean ±standard deviation (±SD).
Results
After drug administration, animals showed signs of dissociative anaesthesia characterised by mydriasis and licking of the nose. Vomiting, excitement, apnoea, and abnormal behaviour were not observed in any cat. Anaesthesia induction time was 2.19 ±0.88 min. The combination of the anaesthetics resulted in the anaesthesia lasting about 52.42 ±11.79 min and muscular relaxation in anaesthetic stage. Recovery was characterised by slow movements of the eyes, twitching of the ears, and attempts of lifting the head. All cats were calm during the period of recovery. 
Table2
Haematological and electrolyte changes in cats before (baseline) and after administration of tiletamien-zolazepam-xylazine -tramadol
The biochemical changes variables are shown in Table 1 . This study showed that AST, ALP, and creatinine changed significantly at some time points after drugs administration (P<0.05), but these changes were within biologically acceptable limits. The other parameters (ALT, urea) did not display any obvious changes; the differences were not statistically significant. The haematological and electrolytes variables are shown in Table 2 . Although there was some changes in the levels of haematological parameters (WBC, RBC, PCV, Hb, the differences were not statistically significant. Similarly, the electrolytes variables (Ca, P, Na, K, Cl, Mg) did not display any obvious changes.
Discussion
Tiletamine-zolezepam-xylazine-tramadol combination was effective for the chemical restraint of cats. There was a quicker induction and a much calmer recovery. The ideal anaesthetic drugs should not produce side physiologic effects. Thus, when dealing with patients undergoing anaesthesia, veterinary medicine should also pay attention to biochemical and haematological parameters that can reflect the variety of cells of different tissues, including the nervous system, kidney, and liver.
In the present experiment, the levels of serum AST, ALT, ALP, urea nitrogen, and creatinine were compared with the pre-anaesthesia parameters. AST, ALP, and creatinine changed significantly at some time points after drugs administration (P<0.05), but all these changes were within biologically acceptable limits. The insignificant changes of creatinine and urea nitrogen might be attributed to the temporary effect of these drugs on the renal blood flow, which in turn might have caused the changes in the values of measured parameters. As the ALT, AST, and ALP activities returned to the pre-administration level, the possibility of pathological changes in the liver could be, therefore, ruled out. Reaction to the blood collection, causing some local muscle trauma, might also be responsible for the changes of these values. It is evident that the anaesthetic combination had no significant effect on cats' liver and kidney function.
Hb, RBC, and PCV values in cattle anaesthetised with xylazine were reported to decrease and a significant decrease in the Hb and PCV levels in sheep anaesthetised with tiletamin-zolazepam was observed (7). However, it was found that glucose level was significantly higher, although some other biochemical and haematological parameters were not affected in dogs anaesthetised with tiletaminzolazepam-xylazine (11) . It was also observed that tiletamine-zolazepam-xylazine combination did not affect biochemical and haematological parameters in gazelles (12) . In our study, the values of RBC, WBC, PCV, and Hb did not display any obvious changes (P>0.05) in all cats after the administration of tiletamine-zolazepam-xylazine-tramadol. These values returned to the basic line 48 h after anaesthesia. Pooling of circulating blood cells in the spleen and other reservoirs secondary to changed sympathetic activity could be the reason for a change in these parameters. Changes in electrolytes (Ca, P, Na, K, Cl, Mg) were only transient, and the values returned to the levels close to normal after 24 h.
In conclusion, the results of this study confirm that the tiletamine-zolazepam-xylazine-tramadol combination produced a satisfactory immobilisation and anaesthesia of cats. Muscle relaxation was good and no complications were encountered. This combination caused, however, insignificant and transient changes in haematological and biochemical parameters.
